Coral microbiomes are known to play important roles in organismal health, response to environmental stress, and resistance to disease. Pathogens invading the coral microbiome encounter diverse assemblages of resident bacteria, ranging from defensive and metabolic symbionts to opportunistic bacteria that may turn harmful in compromised hosts.
cause increases in opportunists, as seen in correlational studies. These data further provide a proof-of-principle demonstration that, under certain circumstances, hostassociated bacterial predators can mitigate the ability of pathogens to infiltrate host tissue, and stabilize the microbiome against complex secondary changes that favor growth of opportunistic lineages. 
87
We have recently described how the predatory bacteria Halobacteriovorax, also likely 88 influences the diversity and dynamics of the microbial community in the coral surface mucus 89 layer through consumption of a broad range of bacterial prey (Welsh et al., 2015) . 
226
Quality control and selection of operational taxonomic units (OTUs) was performed 227 using QIIME (v.1.8) (Caporaso et al., 2010) . Sequences with quality scores less than a mean of 228 35 were removed. Sequences were clustered into (OTUs) at a 97% 16S rRNA gene identity 229 threshold using USEARCH 6.1.54 (Edgar, 2010) 
238
To avoid artifacts due to uneven sampling depth during comparisons of alpha and beta 239 diversity, all samples were rarified (randomly subsampled) to equal sequencing depth. After 240 quality control steps, the least sequenced sample had 11,716 reads, and this was therefore chosen 241 as the rarefaction depth. For alpha diversity (richness), total observed OTUs and Chao1 diversity 242 statistics (Chao, 1984) were calculated in QIIME. The significance of differences in alpha 243 diversity across treatments was determined in QIIME using nonparametric t-tests with 999 (Fig. S1 ). However, in the larger volume and recirculating tank system used for the main 287 co-inoculation experiment no significant differences were observed in tissue loss or bleaching 288 among the treatments at any of the time points (data not shown). Despite the lack of any visual 289 signs of pathogenesis, we found significant differences in the tissue-associated microbiomes of 290 the inoculated corals using amplicon analysis. We quantified microbial changes using 16S rRNA (Table S1 ).
295
Vibrio coralliilyticus addition increased alpha diversity in the tissues of Montastraea 296 cavernosa corals. Corals challenged with V. coralliilyticus showed significantly increased 297 richness relative to controls (Vibrio mean = 259.767 ±14.196; control mean = 178.167 ±47.398) 298 as measured by Chao1 and observed species diversity metrics (p = 0.048; Fig. 3a) . However, 299 when M. cavernosa samples were co-inoculated with both 10 9 V. coralliilyticus and 10 6 300 Halobacteriovorax, species richness returned to low levels (mean = 163.058 ±36.772) that were 301 indistinguishable from control conditions, but distinct from the V. coralliilyticus treatment (p = 302 0.018; Table 2 ). Changes in alpha diversity occurred early in the experiment, but did not change 303 over the remaining time points (Table S2) . No significant differences in evenness were observed 304 between treatments. Further no significant differences in α-diversity were found between tanks 305 or time points for either the Chao1 or observed species metrics.
306
Weighted UniFrac distances (β-diversity) were also significantly different between the 307 control treatment and the V. coralliilyticus treatment (p= 0.012) (Fig 3b) . In a similar pattern to 308 α-diversity, the Halobacteriovorax and V. coralliilyticus combination treatment returned β-309 diversity to control levels and were not significantly different than the other treatments (Fig 3b) .
310 The Halobacteriovorax sp. PA1 alone did not significantly change β-diversity, and no significant 311 differences were found between tanks or time points for β-diversity metrics. 337 coralliilyticus, Rhodobacterales showed no significant differences vs. controls. Similarly, there 338 were no differences in the abundance of Rhodobacterales vs. controls in the treatment where 339 Halobacteriovorax was added alone (Table 2) . Cytophagaes also was increased by several orders 340 of magnitude, from <0.001% to 3.656%, early in the V. coralliilyticus addition experiment 341 (Figure 4 brown lines) .
342
The two other taxa that significantly changed, but did so in different patterns, were 358 While some host-microbe models can be more readily manipulated (e.g., mouse gut, squid light 359 organ, and rhizosphere), there remain considerable methodological barriers for many systems, 360 especially those for which gnotobiotic (germ-free) host animals are not available. 364 Furthermore, experimental evidence has demonstrated that under increased thermal stress V.
365 coralliilyticus concentrations rise dramatically (Tout et al., 2015) . However, the changes, if any, 366 that V. coralliilyticus infection causes to the microbial communities normally present in corals 367 was previously unknown. Determining how pathogens alter the normal flora of a coral may 368 provide insight into whether mutualtists are lost and additional antagonisms arise during an 369 infection cycle and thus contribute to secondary negative effects on animal hosts.
370
In our study, we used this model coral pathogen and its coral-associated predator 371 Halobacteriovorax to manipulate the host microbiome. Here we show that the addition of the 372 pathogen not only changes its own abundance in the system (as would be expected) but also 373 alters the microbiome in various ways, including increases in alpha and beta diversity (Figure 3 ).
374 However, when these corals were challenged with the pathogen in the presence of the predator, 375 these effects were diminished and resulted in almost no changes in the normal coral microbiome.
376
Addition of the pathogen led to a dramatic increase in a known group of opportunists of 377 corals, the Rhodobacterales (Figure 4) . Remarkably, this increase in Rhodobacterales persisted 378 at later time-points, even after the abundance of the pathogen had declined. Rhodobacterales 379 have been linked to disease outbreaks as sequence abundances in white plague diseased 380 Siderastrea siderea and Diploria strigosa corals have been shown to be significantly higher than 381 in healthy controls (Cárdenas et al., 2012) . Rhodobacterales are fast growing taxa, capable of 382 quickly responding to increasing availability of amino acids (Mayali et al., 2014) , and could be 383 responding to resources made available from cells damaged by V. coralliilyticus. Such a 384 mechanism would explain associations between Rhodobacterales and many stressed or diseased 385 corals. While the present study cannot distinguish whether these secondary, Vibrio-induced 386 blooms of Rhodobacterales are harmful to corals, the experimental framework used here could 387 test this question in the future.
388
More broadly, addition of V. coralliilyticus allowed a wider variety of bacteria to 389 colonize the tissue (Figure 3a) . It is likely these invading species infiltrated the tissue shortly 390 after inoculation, as the increase in observed species persisted for the duration of the experiment 391 (Table S2 ). This suggests that a coral pathogen can alter the microbiome of coral tissue, both by 392 increasing specific opportunists and by increasing richness overall. However, the addition of the 393 predator Halobacteriovorax mechanistically dampens the disproportionate impact of the 394 pathogen, and thus increases the resistance of the microbiome to both the invading pathogen 395 itself and other opportunistic taxa that colonize after initial infection (Figure 4 ). 
